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LEAD AND CADMIUM DETOXIFICATION BY HALOPHILIC BACTERIA ISOLATED 
FROM SOLAR SALTERNS IN LEBANON 
Abstract 
Water contamination by heavy metals has gained considerable attention globally. These inorganic 
pollutants can enter the aquatic environments via different routes thereby threatening biodiversity and 
human health. Lead and cadmium are hazardous pollutants where their removal by traditional techniques 
is identified to be costly and ineffective. However, bioremediation by extremophilic microorganisms is 
considered to be a promising technique as they have considerable potentials to grow in harsh 
environmental conditions. The present study deals with the isolation of halophilic bacterial isolates from 
solar salterns in North Lebanon. The isolate H1S9 was identified as Halomonas venusta H9 after showing 
tolerance to 500 mg L-1 of lead and cadmium. Conductivity and Fourier Transform Infrared spectroscopy 
showed that Pb2+ and Cd2+ were removed by Halomonas venusta H9. Transmission Electron Microscopy 
demonstrated the ability of Halomonas venusta H9 biomass to bioaccumulate Pb2+ and Cd2+ from 
aqueous solution into the cells. The factors affecting the bioaccumulation process were investigated. 
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1. INTRODUCTION  
Heavy metals levels have increased substantially mainly because of the industrial activities and 
the improved lifestyle in modern societies. They have been classified as one of the major inorganic 
toxicants affecting ecosystem and human health (Feng et al. 2018). Cadmium and lead metal ions are 
considered among these toxicants occupying the second and seventh position, respectively in the 
“Priority List of Hazardous Substances” published by ATSDR (2015). Moreover, cadmium and its 
compounds are categorized as a Group 1 and lead compounds as Group 2B carcinogens according to 
the International Agency of Research on Cancer (Sowmya and Abdulla 2017). 
Cadmium is known for its toxicity to living organisms even at 0.001–0.1 mg/L concentrations 
(Alkorta et al. 2004; Tang et al. 2006). Exposure to the metal ion can lead to complications in the 
respiratory and renal systems (Abbas et al. 2017). In addition to its ability to disturb enzyme activities, 
inhibit the DNA-mediated transformation in microorganisms, interfere in the symbiosis between 
microbes and plants, as well as to increase plant predisposition to fungal invasion (Chellaiah 2018). 
Lead is also considered poisonous even at low concentrations. The USA Environmental Protection 
Agency regulations set the permissible limit of lead in drinking water to 0.015 mg/L (EPA 2008). 
Adverse effects of lead include prevention of cell division, accumulation mainly in bones, brain, 
kidney and muscles and the increase in lead concentration may cause many serious disorders like 
anemia, kidney and liver diseases, gastrointestinal damage, nervous disorders and sickness even death 
(El-Naggar et al. 2018). Therefore, it is important to detoxify cadmium and lead ions and to treat 
wastewaters containing these pollutants before being discharged into the environment.  
Several conventional methods have been used for the removal of heavy metals from 
wastewaters such as chemical precipitation, membrane filtration, chemical oxidation or reduction, ion 
exchange, electrochemical treatment and evaporation. These methods nowadays are not the most 
favorable ones due to the drawbacks at the cost level and effectiveness. Bioremediation using biomass 
to sequester heavy metals using different approaches such as biosorption and bioaccumulation offers 
a relatively efficient, cheap and environment friendly alternative to remove heavy metals from 
industrial wastewaters (Timková et al. 2018). Bacteria (Pagnanelli et al. 2003; Oves et al. 2013; Al-
Homaidan et al. 2015; Muñoz et al. 2015), fungi (Iram et al. 2015; Kariuki et al. 2017) and algae 
(Abdel –Aty et al. 2013; Ghoneim et al. 2014) have been used as biosorbents for the removal of lead 
and cadmium ions from different environments. 
Several studies have reported the ability of moderate halophiles to tolerate heavy metals 
(Garcia et al. 1987; Nieto et al. 1989; Amoozegar et al. 2005; Amoozegar et al. 2007; Amoozegar et 
al. 2012; Xu et al. 2013; Sowmya et al. 2014) but very few studies investigated the removal of heavy 
metals by moderate halophilic microorganisms (Massadeh et al. 2005; Al-Momani et al. 2007; 
Amoozegar et al. 2012). Thus, the present study investigated the ability of halophilic bacterial strains 
to tolerate and remove lead and cadmium from aqueous solutions and evaluated the effects of different 
parameters on the removal process. 
 
 
2. MATERIALS AND METHODS 
2.1.  Sampling and Samples Analysis  
 
Seven water samples were collected from solar salterns in Anfeh, North Lebanon and 
transferred to labeled sterilized bottles, stored in a thermo box immediately after collection. 
The sampling area was characterized by having concrete ponds filled with seawater that is left 
for evaporation to produce salt. The collected samples were preserved at 4 ± 2 0C before 
analysis and during experiments. Electrical conductivity and pH of water samples were 
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2.2. Isolation of the Bacterial Strains 
Isolation of halophilic bacterial strains from the samples was made using enrichment 
culture technique by using marine medium (10% salt concentration) consisting of (gL-1) NaCl, 
81; MgCl2, 7; MgSO4.7H2O, 9.6; CaCl2, 0.36; KCl, 2; NaHCO3, 0.06; NaBr, 0.026; yeast 
extract, 10; protease peptone, 5; glucose, 1 and agar, 20 (Atlas 2005). Marine broth was 
prepared, divided into aliquots of 50 ml and transferred to Erlenmeyer flasks of 250 ml 
capacity. One milliliter of each sample was inoculated into each flask and incubated in the 
shaker incubator (ZHWY-2102C) at 150 rpm and 30 ± 2 0C for 48 hours. Following the 
incubation period, 0.1 ml was transferred from each flask and spread on marine agar plates, 
incubation was at 30 ± 2 0C for 48 hours. Thereafter, bacterial strains were further purified by 
streaking on marine agar plates to obtain individual pure colonies of each strain. Smears from 
each colony were examined microscopically with Gram staining. Some of the biochemical 
characteristics were studied according to the methods of Mata et al. (2002), such as catalase, 
oxidase, citrate utilization, Voges-Proskauer, H2S and indole production. In addition, the 
production of amylase, lipase, cellulose, gelatinase and pectinase was detected (Barrow and 
Felthman 1993). 
 
2.3. Preparation of Metal Solutions 
Stock solutions of lead and cadmium salts (Pb(NO3)2 and Cd(NO3)2) were prepared by 
dissolving the known amount of each analytical grade in deionized distilled water to get a 
concentration of 1000 mgL-1. The desired concentrations were prepared by the dilution of the 
stock solution with deionized water. 
 
 
2.4. Determination of Heavy Metal Tolerant Bacterial Strains 
Bacterial strains were tested for their ability to tolerate different concentrations of Pb2+ 
and Cd2+ solutions using broth micro dilution method (CLSI 2012). In one row of the 96 wells 
plate each heavy metal solution was serially diluted ten times using sterile marine broth. 
Thereafter, each well was inoculated with bacterial suspension that was diluted to reach 1×106 
CFU/ml. The plate was then incubated for 16 to 20 hours at 30 ± 2 0C. The maximum tolerance 
concentration (MTC) of Pb2+ and Cd2+ for a particular bacterial isolate was determined as the 
maximum concentration of the metal ion in which bacterial growth was visible. Bacterial 
isolate that showed highest tolerance to Pb2+ and Cd2+ was selected for further experiments. 
 
 
2.5. Molecular Identification of the Bacterial Strains 
The selected halophilic bacterial isolate was identified using 16S ribosomal RNA 
(rRNA) gene sequencing. The total genomic DNA was extracted from the bacterial cells using 
bacterial genomic DNA extraction kit. The amplification reaction was performed with the use 
of the universal primers 27F (5’-AGA GTT TGA TCC TGG CTC AG3’) and 1492R (5’-GGT 
TAC CTT GTT ACG ACT T3’) in a thermal cycler (Chakraborty and Das 2014). Polymerase 
chain reaction was performed and the PCR programme utilized was an initial denaturation at 
95 0C for 5 min followed by 30 cycles of 95 0C for 1 min, 55 0C for 1 min and 72 0C for 2 
min and a final extension at 72 0C for 10 min. Amplified DNA was purified by PCR 
purification kit (Sigma-Aldrich, USA). The sequencing of the purified PCR product was done 
by the GATC Company using ABI 3730xl DNA sequencer and examined for sequence 
homology with known 16S rDNA sequences in the Genbank database using the basic local 
alignment search tool (BLAST) at the National Center for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/BLAST/). A phylogenetic tree was constructed using the 
neighbour-joining DNA distance algorithm (Saitou and Nei 1987) using MEGA 3. The partial 
sequence of 16S rRNA gene of the selected isolate was submitted to NCBI GenBank, and an 
accession number was assigned.  
 
2.6. Conductivity and FTIR Measurement 
After overnight incubation, cells of the organism under investigation were harvested by 
centrifugation at 6000 rpm for 15 minutes and washed three times with deionized distilled 
water. Each heavy metal solution was prepared to a concentration of 20 ppm of Pb2+ and 10 
ppm of Cd2+ metal ion solution. Then the bacterial pellets were transferred to 10 ml volume 
of each heavy metal solution and agitated for 5 minutes then incubated overnight at 30 ± 2 0C. 
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During incubation period, electrical conductivity of Pb2+ and Cd2+ solutions were measured 
separately at different time intervals (0, 60, 120, 240, 1080 and 1440 minutes) using 
conductivity meter (Mi 170 Bench Meter).    
 
Dried bacterial pellet samples (metal free and metal loaded) were examined with Fourier 
Transformed Infrared (FT-IR) Spectroscopy (Thermo Scientific Nicolet iS5 FT-IR) within the 
wavelength range of 400-4000 cm-1 with 32 scans. FT-IR spectra were used to identify the 
functional groups present on the bacterial surface and to determine the functional groups 
involved in the metal binding process. 
 
2.7. Transmission Electron Microscopy 
Transmission Electron Microscope was used to examine the localization of Pb2+ and 
Cd2+ within the investigated microorganism. Bacterial cells, after reaching equilibrium with 
20 ppm of Pb2+ and 10 ppm of Cd2+ metal ion solution, were fixed using universal electron 
microscope fixative. Series dehydration steps were followed using ethyl alcohol and propylene 
oxide. The samples were then embedded in labeled beam capsules and polymerized. Thin 
sections of bacterial cells were cut using LKB 2209-180 ultra-microtome and stained with a 
saturated solution of uranyl acetate for half hour and with lead acetate for 2 min (McDowell 
and Trump 1976). The same procedure was applied to cells un-treated with Pb2+ and Cd2+. 
Electron micrographs were taken using a Transmission Electron Microscope (JEM-1400 Plus), 
at the Electron Microscope Unit, Faculty of Science, Alexandria University, Egypt. The 
magnification used for the investigated samples was 25000 x, and accelerating voltage 80 Kv. 
 
2.8. Optimization of Pb2+ and Cd2+ Removal by the Selected Bacterial Strain 
Bacterial isolate was studied for its ability to detoxify Pb2+ and Cd2+ (nitrate salts) from 
aqueous solutions. Experiments investigating the effects of biomass dose, pH, initial heavy 
metal concentrations and time on removal of Pb2+ and Cd2+ in growing bacterial cells were 
conducted. 
 
2.8.1. Biomass dosage 
The effect of biomass dose on the removal of heavy metals (Pb2+ and Cd2+ metal 
ions) was studied at different dosages of the bacterial biomass (0.05, 0.1, 0.25, 0.5 and 
0.75 grams fresh weight). These bacterial biomasses were prepared through the 
centrifugation of overnight cultures at 6000 rpm for 15 minutes. Each heavy metal 
solution (10 ml) (20 ppm of Pb2+ and 10 ppm of Cd2+) was added separately to the 
bacterial pellets. The mixture then was agitated for 5 minutes and incubated overnight at 
30 ± 2 0C. Filtration of the sample was done through a syringe filter (0.45µm). The 
residual concentrations of Pb2+ and Cd2+ in the filtrate were determined by atomic 
absorption spectrophotometry (AAS) (Thermo Scientific iCE 3000 series). 
The percentage of Pb2+ and Cd2+ removal (% R) was calculated using the following 
equation: 
% (R) = (Ci – Ceq)/ Ci ×100         Eq. (1) 
Ci is the initial and Ceq is the equilibrium concentration of heavy metal (mg.L-1) in water. 
2.8.2. Effect of pH 
The effect of solution pH on heavy metal ions removal was determined in the pH 
values of 4, 5, 6, 7, 8 and 9 at a fixed volume and concentration of Pb2+ and Cd2+ (10 
ml) (20 ppm of Pb2+ and 10 ppm of Cd2+) and at optimum pellet dose of the bacterial 
strain. The pH values of the solutions were adjusted using 0.1 M NaOH and 0.1 M 
H2SO4. All samples were agitated for 5 minutes and then incubated overnight at 30 ± 2 
0C. Then the samples were filtered and analyzed for the residual Pb2+ and Cd2+ 
concentrations as mentioned in the procedure of the previous section. The removal 
percentage (% R) was calculated using Eq. (1). 
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2.8.3. Effect of initial metal concentration 
The effect of initial metal concentration on the ability of the bacterial strain to 
remove Pb2+ and Cd2+ from aqueous solution was studied. Ten milliliters of different 
initial concentration of lead (20, 100, 200 and 500 mg.L-1) and cadmium (10, 100, 200 
and 500 mg.L-1) were adjusted to optimum pH value and added to the optimum dose of 
the bacterial biomass. Mixtures were agitated for 5 minutes then left overnight at 30 ± 2 
0C. The mixtures were filtered and residual concentrations of Pb2+ and Cd2+ were 
determined. The removal percentage (% R) was calculated using Eq. (1). 
2.8.4. Effect of contact time 
The kinetic studies were performed at different time intervals (20, 30, 60, 120, 
240, 360, 1080 and 1440 min) to determine the contact time required for achieving the 
equilibrium between heavy metals and bacterial biomass. The kinetic study was done 
using the optimum conditions obtained from the biomass dose, pH and initial metal 
concentration experiments. The removal percentage (% R) was calculated using Eq. (1). 
 
3. RESULTS AND DISCUSSION 
3.1. Analysis of Water Samples 
Table 1 represents pH and conductivity analysis of water samples collected from solar 
salterns, North Lebanon. The results summarized in the table show that the pH is neutral. 
Conductivity values are high since water samples were collected from areas where salt 
concentration is high, thus the higher the salinity the greater the conductivity. These results 
were in accordance with the findings of Zafrilla et al. 2010, who analyzed the pH and 
conductivity values in Redonda and Penalva ponds in Spain and obtained similar results. 
 
 





















30  30  31 32 32 30 31 
pH 7.80 7.81 7.88 7.43 7.46 7.47 7.38 
Conductivity 
(mScm-1) 
317 78  38  530 370  362 48 
 
3.2.Screening and Selection of Heavy Metal Tolerant Bacteria 
A total of ten bacterial strains were isolated from solar salterns and investigated for 
their ability to tolerate Pb2+ and Cd2+. Two strains were able to grow in culture medium 
supplemented with Pb(NO3)2 and Cd(NO3)2 and showed high tolerance against these two 
toxic metal ions. The bacterial isolate H1S2 was able to tolerate up to 250 ±0.0 mg L-1 of 
both metal ions, while H1S9 was able to grow in the presence of 500 ± 0.0 mg L-1 of Pb2+ 
and Cd2+ respectively (Fig. 1). Previous studies of moderate halophiles have reported a lead 
tolerance range of 100 to 1000 mg L-1 and cadmium tolerance range of 10 to 500 mg L-1 
(Nieto et al. 1989; Amoozegar et al. 2012; Sowmya et al. 2014). Thus, H1S9 was then selected 
for further investigations as it showed resistance to higher Pb2+ and Cd2+ metal ion 
concentrations than H1S2. 
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Fig.1: Maximum tolerance concentration of the two bacterial isolates (H1S2 and H1S9) to Pb2+ and Cd2+ 
in marine broth medium at 30 ± 2 0C for 20 hours 
 
3.3.Characterization and Molecular Identification of the Strain H1S9 
Findings of the microscopic observation revealed a gram negative, rod shaped and 
motile H1S9 bacterial strain. The biochemical analyses of the isolate indicated a positive 
oxidase, catalase, amylase, pectinase and indole. On the other hand, the isolate was found 
to be negative for lipase, cellulase, gelatinase, Voges-Proskauer, citrate utilization and H2S 
production.  
In order to further identify this strain, 16S rRNA gene sequence analysis was 
conducted. The phylogenetic tree based on the16S rRNA sequences showed that strain 
H1S9 was placed within the genus Halomonas and exhibited 99% identity with Halomonas 
venusta strain DSM 4743. The phylogenetic tree presented in Fig. 2 illustrates the maximum 
similarity of the strain H1S9 with the other 16S rRNA sequences of relevant Halomonas 
species. The Gen-Bank accession number of Halomonas venusta H9 was MK357745. 
 
 
Fig. 2: Phylogenetic tree of the strain Halomonas venusta H9 (Gen-Bank accession number MK357745) 
based on 16S rRNA sequence analysis using MEGA 3. 
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3.4. Conductivity and FTIR Measurements 
After the incubation of the bacterial strain Halomonas venusta H9 with each heavy 
metal solution separately (Pb2+ and Cd2+ metal ions), the conductivity of the solution 
decreased with time (Fig. 3). This proposes that the bacterial strain was able to remove Pb2+ 
and Cd2+ from aqueous solutions. This finding was further corroborated with FT-IR 
analysis of the bacterial pellets.  
The FTIR spectra of H. venusta H9 cells and metal ions loaded H. venusta H9 cells 
were analyzed to detect any differences due to the interaction between the functional group 
on the bacterial surface and the heavy metals (Pb2+ and Cd2+ metal ions) (Fig. 4). The 
infrared spectrum of heavy metal free cells presents a broad band at 3450 cm-1 which was 
assigned to O-H or N-H stretching vibrations. Another band appeared at 2960 cm-1 was 
corresponded to C-H stretching. The band at 1640 cm-1 was attributed to the C=O of amide 
groups. The weak band appeared at 1090 cm-1 was corresponded to C-O vibration which is 
a polysaccharide characteristic peak. The IR spectrum of Pb2+ and Cd2+ treated cells 
revealed a shifting of band at 1090 cm-1 which was attributed to the interaction of the metal 
species with the C-O group. But there was a slight increase in the transmittance of the band 
at 3450 cm-1 when the cells were treated with Cd2+ due to the involvement of O-H or N-
H groups. These changes in the transmittance of the bands were due to the interaction of 
metal ions with the functional groups on the H. venusta H9 biomass. These results were in 
accordance with previously reported studies (Lodeiro et al. 2006; Sari and Tuzen 2008; 
Giotta et al. 2011; Oves et al. 2013; Muñoz et al. 2015). To further understand the 
mechanism of metal species removal by the investigated bacterial strain a morphological 
observation was needed to localize Pb2+ and Cd2+ in the bacterial cell. 
 

























Fig.3: Electrical conductivity measurement of Pb2+ and Cd2+ (20 ppm of Pb2+ and 10 ppm of Cd2+) 
solution before and after being interacted with H. venusta H9 at different time intervals at 30 ± 2 0C. 
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Fig.4: FT-IR spectra of H. venusta H9 cells, Pb2+ treated cells and Cd2+ treated cells showing the peak–
functional group assignment. 
 
3.5. Localization of Metal Species Within Halomonas venusta H9 Cells by 
Transmission Electron Microscope 
In order to understand the interaction between Halomonas venusta H9 with Pb2+ and 
Cd2+ metal ions, transmission electron microscope imaging was performed.  Fig 5 shows 
images of H. venusta H9 unloaded (A and C) and loaded with Pb2+ (B) and Cd2+ (D). The 
control cells (untreated) showed a rod shaped bacterial cell with a sharp cell wall. H. venusta 
H9 cells exposed to lead (II) and cadmium (II) metal ions show the presence of the metals 
both in the cell wall and accumulated in the interior cytoplasm of the cells. Microscopic 
observation of Pb and Cd precipitates in bacterial cells was reported by several studies 
(Ezzouhri et al. 2010; Hrynkiewicz et al. 2015; Muñoz et al. 2015; Chen et al. 2015) that all 
suggested an intracellular uptake of Pb2+ and Cd2+ and this demonstrates the effectiveness of 
such bacteria in the detoxification of heavy metal from the environment 
 
 
(A) Control (B) Pb2+ treated 
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Fig.5: Transmission electron micrographs of H. venusta H9 (200 nm magnification), (A and C) control 
untreated cells, (B) cells treated with 20 ppm of Pb2+ and (D) cells treated with 10 ppm of Cd2+. Red 
arrows show the intracellular accumulation of Pb2+ and Cd2+ in the bacterial cells. 
 
3.6.Effect of Bacterial Biomass Dose on Removal of Pb2+ and Cd2+ 
The amount of Halomonas venusta H9 biomass in the solution is an important 
parameter affecting metal removal. Pb2+ and Cd2+ removal percentage increased with the 
increase in the amount of biomass dose from 0.05 g to 0.1 g wet biomass (Fig. 6) but from 
0.25g to 0.75g there was no significant difference of the metal ions removal. This can be 
due to the removal of all available metal ions in the solution. This result was in accordance 
with previous studies (Suriya et al. 2013; Abdel –Aty et al. 2013; Chen et al. 2015; Cai et 
al. 2018).  

























Fig.6: Effect of bacterial biomass on the removal of Pb2+ and Cd2+ (initial metal concentration 20 ppm of 
Pb2+ and 10 ppm of Cd2+) by H. venusta H9 incubated at 30 ± 2 0C. 
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3.7. Effects of pH on Pb2+ and Cd2+ Removal 
In order to estimate the role of pH in the removal process, the optimum Halomonas 
venusta H9 biomass was incubated with each heavy metal solution (20 ppm of Pb2+ and 10 
ppm of Cd2+) with varying pH values of 4, 5, 6, 7, 8 and 9. The results (Fig. 7) showed that 
at low pH (pH= 4) the removal percentage was low and this was due to the presence of 
excess hydrogen ions in the solution which will compete with Pb2+ and Cd2+ cations for 
binding on the negatively charged bacterial surface. Then as pH increase to near neutral 
values (pH 6-7) the removal percentage of Pb2+ and Cd2+ increased and reached its 
maximum value which was found to be the optimum pH for the growth of H. venusta H9 
(Romano et al. 2006). However, at alkaline pH the removal percentage of Pb2+ and Cd2+ 
decreased. The removal percentage of Pb2+ by the bacterial isolate was higher than that of 
Cd2+. These results are in accordance with the findings of several studies (Chakravarty and 
Banerjee 2012; Khan et al. 2016). 

























Fig.7: Effect of pH on the removal of Pb2+ and Cd2+ (initial metal concentration 20 ppm of Pb2+ and 10 
ppm of Cd2+) by H. venusta H9 incubated at 30 ± 2 0C. 
3.8.Effect of Initial Concentration of Heavy Metal on the Removal Process 
The removal efficiency of Halomonas venusta H9 (0.1 g wet biomass) was studied at 
different initial concentrations of each heavy metal (Pb2+: 20, 100, 200 and 500 ppm; Cd2+: 
10, 100, 200 and 500 ppm). It was observed that there was an increase in the removal 
percentage of Pb2+ and Cd2+ as the concentration of heavy metal increased from 20 and 
10 ppm of each metal respectively. Then above 100 ppm the removal percentage decreased 
(Fig. 8). This decrease could be attributed to the interaction of the heavy metals to all active 
sites reaching saturation of receptors (Suriya et al. 2013; Oves et al. 2013; Arivalagan et al. 















































Fig. 8: Removal of Pb2+ and Cd2+ by H. venusta H9 (0.1 g biomass) when incubated with different 
concentrations of each heavy metal at 30 ± 2 0C for 24 hours. 
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3.9. Kinetics of the Removal Process 
The kinetics of the removal process was studied to estimate the optimum contact time 
for the uptake of Pb2+ and Cd2+ by Halomonas venusta H9 (Fig. 9). It was noticed that the 
removal of Pb2+ and Cd2+ increase as time increase up to 60 min where the maximum 
removal was reached then no considerable increase was observed. There was an initial rapid 
metal uptake followed by a slow uptake. Since a large number of vacant surface sites were 
available for the biosorption in the initial stage, the biosorption of metal ions was rapid and 
passive then a slower process occurred which was the bioaccumulation that is active and 
metabolism dependent process. The uptake of metal ions by microorganisms in batch 
systems has been shown to occur in two stages: an initial rapid stage (passive uptake), 
followed by much slower process (active uptake) (Wierzba and Latała 2010; Abdel-Aty et 
al. 2013; Muñoz et al. 2015). In addition, the biosorption of Pb2+ and Cd2+ ions by H. 
venusta H9 was found following the pseudo-second order kinetics. This result is similar to 
those obtained by other authors with different microorganisms (Febrianto et al. 2009; 
Ezzouhri et al. 2010; Muñoz et al. 2015). 
 
























Fig.9: Kinetics for the removal of Pb2+ and Cd2+ (initial concentration of 100 ppm of each metal) by H. 
venusta H9 (0.1 g biomass) incubated at 30 ± 2 0C. 
 
4. CONCLUSION 
Halomonas venusta H9 showed high tolerance (up to 500 ppm) for both heavy metal ions (Pb2+ and 
Cd2+) was further studied for its potential to remove these heavy metals from aqueous solutions. The 
removal of metal ions was determined by measuring the conductivity, FTIR analysis and TEM. It was 
found that H. venusta H9 was able to uptake these heavy metals through bioaccumulation process. 
The optimal conditions that showed highest removal percentage of heavy metals by H. venusta H9 
were at biomass of 0.1 g, pH of 6-7 and initial metal concentration of 100 ppm. Thus, this study 
supports the use of H. venusta H9 as an economically viable and environmentally friendly biomass. 
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